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The protein PEB1 (28 kDa) is a common antigen and infections in volunteers (9) and monkeys (10) suggests that
a major cell adherence molecule of Campylobacterje- immunity to C. jejuni is induced by recurrent exposure; thus,
juni and Campylobacter coli. We created a bank of it may be possible to develop a vaccine against C. jejuni
chromosomal DNA fragments of C. jejuni strain 81- enteritis. We have previously identified two antigenic pro,
176 using Xgt11. Screening this bank in Eacherichia teins, PEB1 (28 kDa) and PEB3 (30 kDa), from C. jejuni that
coli Y1090 cells with antibody raised against purified are commonly recognized by convalescent sera from patients
PEBI enabled us to isolate and to purify a clone with with sporadic C. jejuni diarrhea (11) and that may be vaccine
a 2.6-kilobase insert expressing an immunoreactive candidates.
protein of 28 kDa. DNA sequencing revealed that the PEBI is conserved in all C. jejuni and C. coli isolates and
insert contains three complete and two partial open is located on the surface of C. jejuni cells as identified by
reading frames (ORFs), designated 5' to 3' as ORFs A-
E. The peblA gene (ORF D) contains 780 bases encod- immunogold electron microscopy (12), indicating that it is a

ing a 259-residue polypeptide having a calculated mo- good target for the immune system (11). PEBI (CBFI) plays

lecular mass of 28,181 Da. The peptide sequence start- k major role in adherence to HeLa cells, suggesting that it

ing at residue 27 matches that determined from amino- may be involved in Campylobacter colonization of the intestine

terminal sequencing of mature PEBi from C. jejuni. (13). PEBI is a lysine-rich basic (pl 8.5) protein without

The first 26 residues contain typical signal peptidase I methionine at its amino terminus, suggesting that a leader
and I] cleavage sites. The deduced amino acid compo- peptide is cleaved during PEBI maturation (11); the amino
sition and pl of the recombinant mature protein are terminusofPEBl has no significant homology to other known
similar to those determined for purified PEB1. Gcne proteins (11). We thus undertook the molecular cloning and
bank searches indicated significant overall homology sequencing of the gene encoding PEBi to determine its pri-
of pebIA and ORF C with operons for amino acid mary sequence, to understand its post-translational modifi-
transport systems in other Gram-negative organisms, cation and intracellular transport, and because large-scale
peblA is homologous to the binding components of production of recombinant PEBi in Escherichia coli will
systems such as glnH (27.8%) and hisJ (28.9%), facilitate functional and immunological studies.
whereas ORF C has nearly 50% identity to glnQ and We report the cloning and sequencing of the PEBI struc-
hisP. Thus, PEB1 could be involved both in binding to tural gene (which we name peblA) from C. jejuni strain 81-
intestinal cells and in amino acid transport. 176. The deduced amino acid sequence indicated that PEBI

has a cleaved 26-amino acid lepder peptide; the complete
molecule exhibits significant honology to Enterobacteriaceae
glutamine-binding protein (g9r)-) (14), lysine/arginine/orni-

Campylobacter jejuni and the closely related species Cam- thine-binding protein (LAO • 15), and histidine-binding pro-
pylobacter coli are important causes of diarrheal disease in tein (hisJ) (16) and may be part of a homologous operon.
humans worldwide (1-3). These organisms exhibit consider-
able serotypic diversity with >50 0 antigens (4) and a similar EXPERIMENTAL PROCEDURES
number of heat-labile antigens (5). However, evidence from "Enzymes and Chemicals- Restriction endonucleases, calf init..-
natural infections in developing countries (6, 7), from raw tinal alkaline phosphatase, IPTG, and affility-purified goat antibody
milk drinkers in the United States (8), and from experimental to rabbit IgG conjugated with alkaline phosphatase were obtained

from Boehringer Mannheim. Other important reagents were bacte-
*This work was supported in part by the United States Army riophage T4 DNA ligase (New England BioLabs. Inc.). nitrocellulose

Medical Research and Development Command and by the Medical BA-85 (Schleicher & Schuell), 5-bromo-4-chloro-3-indolyl-O-D-gal-
Research Service of the Department of Veterans Affairs. The costs actoside (Sigma), and Sepharose CL-2B (Pharmacia LKB Biotech-
of publication of this article were defrayed in part by the payment of nology Inc.).
page charges. This article must therefore be hereby marked "adver- Bacterial Strains-C. jejuni strain 81-176 (ATCC 55026), used for
tisement" in accordance with 18 U.S.C. Section 1734 solely to indicate PEBI production and genomic DNA preparation, was isolated from
this fact. an outbreak of Campyto6acter diarrhea and has been demonstrated

The nucleotide sequence(s) reported in this paper has been submitted to be a virulent strain in monkeys (10) and in volunteers (9). E. evli
to the GenBanhT h/EMBL Data Bank with accession number(s) strains Y1088, Y1089, and Y1090 have beendescribed (17), and XL1-
L13662.

I To whom correspondence should be addressed. Div. of Infectious 'The abbreviations used are: LAO, lysine/arginine/ornithine-bind-
Diseases, Dept. of Medicine, Vanderbilt University School of Medi- ing protein; IPTG, isopropyl-l-thio-P-D-galactopyranoside; kb, kilo-
cine, A-3310 Medical Cenwer North, Nashville, TN 37232-2605. Tel.: base(s); bp, base pair(s); PCR, polymerase chain reaction; ORF, open
615-322-2035; Fax: 615-343-6160. reading frame.



2 C. jejari PEBE, a Binding Component Homolog

Blue (Stratagene, La Jolla, CA) was used for transformations.
Preparation of X Bank with Insert DNA from C. jejuni-A genomic 0 b C d

library was prepared from C. jejuni strain 81-176 as previously de-
scrihed (18). In brief, purified DNA (8)0 jg) was sheared by xonica-
tit n. DNA fragments of 1.0-10 kh were isolated and ligated to EcoRI
liukenrs mid then to dephosphorylated Xgt II arms. The ligation mix-
ture wus added to a X-packaging mixture (Gigapack, Stratagene) and '.. ,u-'v -
titered on Y1088 Cells.

Immunological Methods-Polyclonal antiserum to PEBI purified . , ]
from strain 81-176 was raised in a hyperimmunized rabbit as previ- . '.

ously described (11). This serum recognizes heterologous PEBI an-
tigens in all C. jejuni and C. colti strains, but has essentially no , .
reactivity against other C. jejuni or C. coli antigens. Immunological
screening of the C. jejuni library was performed as previously de. ,-f. :
scribed by Gotschlich et al. (19). SDS-polyacrylamide gel electropho-
resis was performed on lysates, proteins were transferred to nitrocel-
lulose membranes, and the blots were developed by an immunoenzy- FiG. 1. Immunoblot of lysates of lysogenized Z. coli Y1089
matic method (11). celia producing recombinant C. jejuni antigens. Lane a, cells of

Subcloning and Physical Mopping of Inrsert-For expression and C. jejuni strain 81-176; lane b, cells of E. colti strain Y1089 containing
mapping of the insert, the original clones in Xgtll were digested with ),gt1I without an insert; lane c, cells of iysogenic clone 1; lane d, cellsEcoRl, and the inserts were separated in low-melting-point agarose of lysogenic clone 2. E. coli cells in lanes b-d were cultured overnight
and ligated into the EcoRl site of phosphatase-treated pUC19. The in the presence of 2 mM IPTG to induce expression of genes down.
ligation mixture was used to transform competent XLI-Blue E. coli stream of the lacZ promoter in X)gtIl. A band migrating at -28 kDa
cells, and carbenicillin-resistant transformants were isolated (20). (indicated by arrow) was recognized by rabbit antiserum to purified
Recombinant plasmids were purified (21) and digested with restric- PEBi (1:10,000) (11) in clones I and 2, but not in the strain harboring
tion endonucleases (22). Western blotting was performed with anti- XtI alone.
serum to PEBI to identify expressed proteins.

DNA Analysis--The C.jejurti DNA insert in pUC19 (nPB119) was
digested with exonuclease III to generate a series of nested deletion PEBa produced by C. jejuni strain 81-176. The DNA frommutants (23) and also by bidirectional endonuclease deletion based each clone was purified, and the inserts were excised following
on the restriction map. The nucleotide sequence of plasmid DNA was EcoRI digestion and resolved by agarose gel electrophoresis.
determined on both strands by the dideoxynucleotide chain termi- Each clone contained a single insert of 2.6 kb.
nation reaction (24) and was analyzed with DNASTAR software to Characterization ofC.jejuniInsertDNA-The26-kbinsert
define open reading frames and restriction sites. The amino acid cl erIwasuon ed ntop er9 d tra -kbrn nsere
sequence of the deduced gene product was analyzed for hydrophobic- in clone I was subcloned into puc1g, and transformants were
ity with the algorithm of Kyte and Doolittle (25) and for secondary screened by immunoblot using antiserum to PEa1. The plas-
structure with the algorithm of Gamier et aL (26). Nucleic acid and mids from two transformants producing immunoreactive mol-
amino acid homologies to GenBank and EMBL data bases were ecules migrating at -28 kDa had the insert irr opposite ori-
examined with Nuscan and Proscan programs using the method of entations and were designated pPB1•'Fiig. 2) and pPB219.
Pearson and Lipman (27). Both strains expressed the molecule in the absence of IPTG,

Amplification of peblA Gene from C. jejuni Isolates Using Polymn but IPTG enhanced expression in pPB119, indicating an
era.se Chain Reaction (PCR)-Oligonucleotides were synthesized on a
Milligen 7500 automated DNA synthesizer. PCR was performed with effect mediated by the 0-galactosidase promoter of the vector.
bacterial chromosomal DNA concentrations of 1 ng/pl and with HindlIl and Ncol deletion mutants of pPB119 (pPB203 and
primer annealing at ,54 'C for 1 min, extension at 72 'C for 2 min, pPB11) both expressed the full-length 28-kDa protein (Fig.
and denaturation at 94 "C for 1 min for 30 cycles. PCR products were 2).
electrophoresed on 1% agarose gel and purified (GeneClean, Biol0l, Nucleotide Sequence ofpeblA-The nucleotide sequence of
Inc.. La Jolla, CA) for restriction digestions.- the 2687-kb insert determined according to the strategy shown

Southern Blot Analysis--Restriction fragments generated by t 7 in.e.. dterine a r th r
Hindill digestion of whole chromosomal DNA on 0.7% agarose gel in Fig. 2 yielded three complete and two partial open reading
were transferred to nylon membranes after denaturation and neu. -frarmes(ORFs), which were designed 5' to 3' as ORFs A-E
tralization according to the method of Southern as described (22)( (Fig. 3).ORF A is a partial ORF encoding 21 amino acids,
Probe was labeled with j`"PjdATP by random priming, and hybridi. "ending"with TAA at positions 65-67. Between ORFs A and
zation was performed in 50% formamide buffer overnight at 42 'C B, there are 15 nucleotides containing a putative (28) ribo-
(22). somal binding site (AC-GA, positions 72-75) 7 nucleotides

RESULTS upstream from the ATG codon initiating ORF B. No putative
trinscriptional terminator was found in this region, suggest-

Detecion of Recombinant Bacteriophage Expressing C. je- ing that ORFs A and B may be cotranscribed. ORF B is 795
juni PEal Protein-The Agt1i bank of genomic DNA from nucleotides, encoding a 264-residue polypeptide, ending with
C. jejuni strain 81-176 in Y1088 cells yielded 8.2 x 10" plaque- TAA at positions 875-877. Following ORF B is a 128-nucleo-
forming units with a 76.2% insertion rate. After amplification tide noncoding sequence containing an inverted repeat that
in Y1090 cells, the bank was screened with an E. coli-absorbed could form a stem-loop structure (AG = -9.0) (Fig. 3) (29).
rabbit antiserum to purified PEB1 from strain 81-176 (11) to ORF C begins with an unusual start codon (TTG) at positions
detect expression of recombinant clones bearing PEBa anti- 1006-1008 (30, 31). A putative ribosomal binding site (AGGA)
gens. Two positive plaques were detected from a 10-cm di- is located 6 nucleotides upstream from the TTG codon. There
ameter Petri dish containing -10" plaques. These two clones is a sequence (TAAAAT) resembling the -10 consensus se-
were plaque-purified and amplified on Y1090 cells to provide quence in E. coli (TAtAaT) that is 35 bases upstream from
high titer stocks for further study. the ribosomal binding site, and 20 nucleotides farther up-

Characterization of Recombinant Protein in Xgtll-To fur- stream, there is a sequence (TTGAAG) resembling the -35
ther characterize these two clones, we constructed lysogens of consensus sequence in E. coli (TTGACa) (32). ORF C is 729
each in E. coli Y1089 cells. The lysogens grown with IPTG nucleotiides, encoding a polypeptide of 242 amino acids, ending
and analyzed by immunoblot with antiserum to PEBI both at positions 1732-1734 with TAA. ORF D follows ORF C

,produced an immunoreactive product migrating at -28 kDa after a 21-nucleotide noncoding region. A putative ribosomal
( (Fig. 1), essentially identical in apparent molecular mass to binding site (AGGA) is located 6 nucleotides upstream from
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1 Kb Expression

Fir. 2. Restriction map of E H H N E of PEB1
pPBII9 and sequencing strategy --
for peblA gene. Restriction sites are pPB| 19 +
shown .. ove the 2.6-kb insert (6, FcoRI; A B C D E
H, Hindill; N, Ncol). Three complete
ORFs. B-D, and two partial ORFs, A ' pP8203 ÷
and E. are indicated below the insert.
The large arrow represents the direction .. pP811
or transcription of peblA. pPB203 and
pl'B II are deletion mutants of pPB119. peb lA
Solid arrows represent sequences ob-
tained from deletion mutants, and dotted
arrows from primer sequencing. -. -

the start codon (ATG) for ORF D at position 1756. ORF D 36-38), but as expected, are significantly different from E.
(pebIA) is 780 nucleotides, terminated by TAA at positions coli (39).
2533-2535, and encodes a polypeptide of 259 amino acids with Secondary Structure of peblA Gene Product-Secondary
a molecular mass of 28.18 kDa. One base downstream of ORF structure calculations (26) for the deduced mature protein
D, truncated ORF E begins; only the first 50 amino acids of indicate that 78% of the 233 residues are in the a-helical
this ORF can be deduced from the insert. Since no potential conformation. The deduced signal peptide is entirely in the
transcriptional terminators were found among ORFs C-E, it a-helical conformation. Using the method of Kyte and Doo-
is possible that these ORFs are cotranscribed using a common little (25), the only major hydrophobic region (Leut -Ala2 ) is
promoter located upstream from ORF C. No ORF >300 located in the leader peptide (data not shown); the other

nucleotides was found in the complementary strand. minor hydrophobic regions are randomly distributed over the
Signal Sequence o/PEBI--The amino-terminal amino acid entire molecule, but none is sufficiently long for membrane

sequence of mature native PEBI (11) is identical to the spanning.

deduced sequence from ORF D beginning at residue 27, indi- Homologies of PEBI to Other Proteins-A search of the

cating that mature PEBI has a 26-residue cleaved signal National Biomedical Research Foundation (PIR 21.0) showed

sequence. Overall, the 26-residue signal peptide has a calcu- 27.8% identity of the deduced pebIA product to E. coli gluta-

lated molecular weight of 2742 and is similar in structure to mine-binding protein precursor (glnH) (14), 22.9% idenLity

a typical signal peptide (33, 34). Arg and Lys at positions 4 to Salmonella typhimurium LAO (15), and 28.9% identity to

and 5, respectively, form its positively charged head; the next S. typhimurium histidine-binding protein (hisJ) (16, 40).

9 residues form a hydrophobic core, followed by Gly, an a- Searches of a variety of regions of PEBI show no significant

helix breaker, 10 residues upstream from the cleavage site. A homologies to other known proteins. The amino acid compo-

typical stru-ture for signal peptidase I cleavage (33, 34) occurs sition, molecular mass, and secondary structure are similar

between Ala2 6 and Ala", followed by negatively charged Glu". between PEBI and glnH, hWsJ, and LAO; however, PEBi is

Immediately following the cleavage site, 8 of 13 residues are significantly more basic than these other proteins. A pairwise

polar. A second conserved signal peptidase-processing struc- alignment of the primary sequence did not show consecutive
identical regions of>_.--amino acid residues between PEBIture (Leu".Gly"e-Ala"-Cys"') homologous to signal peptidase ndnHorLA("F.4)ThreainipoPE wt
and glnH orLALcI (Fig. .hreainipoPEIwt

I cleavage sites was located in which Cys is essential, Leu is .mino 4. hhighly conserved, and small amino acids between Leu and amino acid-binding proteins was further confirmed by theCys such as Gly, Ala, Ser, and Val are preferred (35). homology of ORF C to other members of operons for gluta.

Cysno s ch d asCGoympAlaose and Va Usare -Apreferred (mine and histidine transport systems. ORF CPshares nrarly
Amino Acid Composition and Codon Usage--Although ORF 50/% identity with the proteins glnQ and hi-sR(Fig. 5), which

D (peblA) encodes a deduced protein of 28.2 kDa, the deduced 50% identity with the proteins glnH
moleula mas ofmatre EB1 27t to259t amno cid serve as membrane receptors for the binding'proteins glnH

molecular mass of mature PEBI (27th to 259th amino acid and hisJ, respectively. Both glnQ and hisP, like ORF C, begin
residue) is 25.5 kDa. The p er(8.51) of the deduced mature with uncommon start codons such as TTG and GTG (14, 15,
protein is nearly identical to the experimentally derived po 41). ORF E, the third member of the putative PEB1 operon,
(8.5) of the mature protein ( 1). The amino acid composition did not share significant homology with other known proteins
determined for the mature protein from C. jejuni strain 81- in the limited sequence that was identified.
176 (11) and that deduced for peblA (27th to 259th residue) ORF B shares an overall 22-24% identity with a number of
are in general agreement, with a few exceptions. The deduced heat shock proteins belonging to the hsp70 (42-45) and hsp9O
mature protein contains 39 basic amino acid residues (33 Lys, (46) families, such as the 78-kDa glucose-regulated protein of
4 Arg, and 2 His) and 35 acidic residues (22 Asp and 13 Glu), yeast, which facilitates the assembly of multimeric protein
indicating a net positive charge consistent with both the complexes inside the endoplasmic reticulum and binds im-
determined and predicted p1 values. Cysteine is not found munoglobulin heavy chain (42, 45). Homology was found also
either in PEBI or in the deduced mature peblA gene product. between mouse brain microtubule-associated pro t-(4 7 )i-siic
Examination of the deduced amino acid sequence indicates ORF A (45% identity) and ORF B (24% identiu)Y(Fig. 6). °
relatively uniform distribution of positive and negative Conservation of peblA Gene among C. jejuni Strains-We
charges over the length of the molecule. Hydrophobic amino next sought to determine the conservation of peblA among
acids with no polar side chains represent 50% of the residues. Campylobacter strains by Southern hybridization since PEBI
The GC content of peblA is 31.66%; A or T represents 88% is apparently present in all C. jejuni strains examined, and a
(229/260) of the third-position nucleotides. This GC content closely related molecule is found in C. coli (11). Initial analyses
and codon usage are consistent for Campylobacter DNA (18, used as the probe a 702-bp PCR product from pPB119
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His Lu Lye Pro Met Ser Leu Lys Glu Ile Lys Lys Glu Ile 14
C CAT TTA AAA CCT ATG AGC TTA AMA CAA A?? AAA AA GAA A?? 43

ear R
Val Asn Phe I.e Asp Gin Asp Och Mot GCu Lys 3
GTA AMT TTr A?? GAT CAG CAT TAA TAMMGCA1T'GC ATG GAM A 9 i

S.D.

Lys lie Thr Pro Set Glu Leu Glu Leu Asn Clu Phe Iie Lys lie is
AAA ATA ACT CCT AGC GAA TTG GAA CTT MAT CAA TT ATA AAA A?? 136

lie Asn Glu Het Ser Gly Ile Asp Leu Thr Asp Lys Lym.Asn lie 3)
ATC AAC CMA ATC ACT GOT ATT CAT TIA ACC CAT AAA AAA AAT ATA III

Lou Ala Leu Lys Leu Ain Lys Ph. Low Glu Gly Thr Asn Thr Lys 4S
CTA GCT TrA AAG TTG MT MA TTr CTT GCM GOA ACT MAT ACT AMA 226

Asn Phe Ser Clu Ph* Lou GCy Lys Lou Lys Sor Aen Arg Gin Lou 63
AAT TT TCC CAA Tr 'ICG GCA AAA TTA AAA AGC AAT AGA CAA CT 271

Lys Gin Glu Thr Leu Asp Phe Val Thr Ile Gly Clu Thr Tyr Phe 74
AMkA CAA CAM ACT T'A CAT TTr GTA ACC ATA OCT GAM ACT TAT TTT 316

Lou Ar; Clu Lou Ala Gin Leu Lys GCu lie lie Tyr Tyr Ala Lys 93
TIA AGA CA TIC CCT CAA T"C AAA CMA ATA A?? TAT TAT CCC .A 361

Sor Lau Glu Lys Ar; Val Asn lie Lou Ser Ala Pro Cys Ser Ser 108
AGC TIA CM AG ACA GTA AAT ATC CTA AGC GCC CCT TOT TCA ACT 406

Giy Glu Glu Val Tyr Set Lau Ala Lou Leu Ale Ala Gin Ain Ph* 123

GGA CAA CAA GTA TAT TC'T TTG GCA TTA TIC OCT CCA CAG AAT TTT 451

lie Lys Asp Met Tyr Ile Leu Cly Val Asp Ile ASn Ser Ser Val 138

AT AAA GAT ATG TAT AT TrA GGC GC? CAT A?? AAT TCA ACT GTG 496

Fw:. 1. Nucleotide and deduced ile Clu Lys Ali Lys Leu Gly Lys Tyr Gin Gly Arg Thr Leu•,, IS3
umino acid sequences of 2687-bp A?? CMA MA GCCA MA C COA AAA TAT CAA CGA ACA ACT -TA CAG 541
pPl3119 fragment containing Ar; Leu Ser Clu Set Clu Lys Arg Arg Ph* Phe Lou Clu Ser Glu 168
peblA. The DNA sequence was deter. CCA TTG ACC GAG ACT CAM AAA AGA AGO TIT TT TTA CAA AGC CAA 586
minied for both strands as described un-
der iExperimental P:ocedures. The Amp Lys Phe Tyr Thr lie Asn Lys Asn Clu Leu Cys Thr Cys Lys 183three-letteramno acld code and the ter- CAT AAA TTT TAT ACT ATT AAT AAA AAT GAG CTT TGT ACT TGT AAA 631

minationcodonTAA(Och)areindicated Ph. Clu Leu Cys Asn Vai Phe ClG Clu Lys Phe Ser Ar; Lou Cly -198
above each triplet nucleotide codon. Nu. Ti? CAA CT? TCC AAMT CTT TT CAA M AA AAA T??r TCA AGA TTG GCA 676
cleohidesforpPB19and aminoacidsfor Lys Ph• Asp ile 2le Ala Ser Ar; Asn Met Ile lie Tyr Ph. Asp 213
each open reading frame are numbered AAA 'rTT CAT A??T ATA OCT TCT AGA AAT ATG AT ATT TAT Trr CAT 721

on the right of each line. The ribosomal
binding sites (Shine-Dalgarno (S.D.)) Hi. Clu Ser Lys Lou Lys Lou Met Glu Ar; Phe His Ar; Ile Lou 228
and the putative promoter are indicated, CAT CMA TCA AMA CTA AAA CTT ATG GAG AGO TT? CAT AGA ATT TIA 766
and the boldface portions of the DNA Ain Asp Lys Gly Arg Leu Tyr Val Cly Asn Ala Asp Lou Ile Pro 243
sequence represent inverted repeat se- AAT GAT AAA CCA AGO C7? TAT CT? GGC MAT OCT CAT TTA A?? CCA 8i1
quences that may serve as a transcrip-
tional terminator. The bold/ace amino Clu Thr Ile Tyr Phe Lys Lys lie Ser Leu Gln Clu Val Phe Thr 258
acid sequence in ORF D was determined GAG ACT ATT TAT TTT AM AG ATT TCT CTC CAA GAG GTG TM? ACT 856

by amino-terminalsequencingofmature Met Lys Lys Tyr Lys Ph. Och 264
PEBI from C. jejunli (II). ATG M AAM TAT MA TIC TAA AMAACTX.AAGTACAC'ITTCGCGMT•A 908

-35 -10A.
TTAOTAAAAATMGA.TTACAT'TrCGAGTAGTrTCT??ATIAMATGATAAAATMTCC 967

Net ie Clu Leou Lys S
AAMT x'rTA ATArTTA GCTAArACATAA&Q2AT AAC TTG Ar GAA TIA MA 1020

S.D.

Ain Val Ain Lye Tyr Tyr Giy Thr His His Val Lou Lys Ile Phe 20
AAT GTA AMC AMA TAC TAC GGA ACT CAT CAT CTT CTA AAG ATA TT? 1065

Ain Leu Ser Val Lys Clu Giy Ciu Lye Lou Val Ile Ile Cly Pro 35
AAT C?? TCT CTT MA CAA GOT GAG AAG Cr? C?? A?? ATA GCT CCA 1110

Ser Gly Set Oly Lys Ser Thr Thr Ile Ar; Cys Het Asn Gly Lau 50
ACT GOA ACT GGA AAA ACT ACA ACT ATC CGT TGC ATC AAT GGG CrT 1155

Glu Clu Val Set Ser Gly Glu Vai Val Val Asn Ain Lou Val Lou 65
GAA CAM GTT ACT TCA CGA GAG GTC GTA GTT MAC AAT CI'T TT TTA 1200

Asn His Lys Ain Lys XIl Glu Ile Cys Ar; Lys Tyr Cys Ala Het 80
AAT CAT AAA MAT AMA A? CMAA ATT TOC CCA AAA TAT TOT GCA ATG 1245

VAI Phe Gin His Ph. Asn Lou Tyr Pro His Met Thr Val Lou Gin 95
GT? '?TT CAG CAT T? AMT TTA TAT CCA CAT ATG ACC GOT TTG CAA 1290

Asn Lou Thr Lou Ale Pro Hot Lys Lou Gin Lys Lys Set Lys Lye 110
MAT TIC ACC TrA CCT CCA ATG MA CT? CAA M AMA TCT MA AM 1335

Giu Ala Glu Clu Thr Ale Ph* Lys Tyr Leu Lye Vai Val Gly Lou 125
CAA GCC CAA GMA ACA OCT "TT AAG TAT TTA MA ?TT GTA GCT TTG 1380

Lou Amp Lys Ala Asn Val Tyr Pro Ala Thr Lou Ser Gly Gly Gin 140
CTC CAT MAA GCA AAT CT? TAT CCA GCA ACC CC? TCA GOT GGA CAMA 1425
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Gin Gin Arl Val Ala 114 Ala Arg Se Lau Cys Thr Lys Lys Pro is$
CAA CAA CCC OTr OCT ATA GCA AGA TCA C1• TOT ACT AMA AAA CCC 1470

Tyr Ile Leu Phe Asp Glu Pro Thr Seo Ala Lou Asp Pro G4...Shr 170

TAT A? TTA Fr GAT CAA CCT ACT TCA CCC Crr GAT CCA GAACC ISiS

Ile Gin Giu Val Lou Asp Val Met Lye Glu Il Set His Gin Se Is$
ATA CMA GAG CTT TA CAT GTA ATG AAA CAA ATT TCA CAT CAA AGC 1560

Asn Thr Thr Mat Val Val Val Thr His Glu Met Gly Ph. Ala Lys 200
MAT ACT ACC ATG GTG CTT OTT ACA CAC CAA ATG GGT TTr GCA AM 1605

G1u Val Ala Asp Arg 1l1 Ile Ph$ Met Glu Asp Gly Ala I11 V41 21s
CMA GTA GCA GAT ACG ATr ATT ITT ATG CAA CAT GGT OCT AT? GTG 1650

Glu Giu Ass 1le Pro Ser Glu Ph* Phe Set Amn Pro Lye Thr Glu 230

CAA GAA MAT AT? CCT ACT GAA TrT TTC TCA AAT CCA AM ACT GAA 1695

Are Ala Arg Leu Ph. Leu Gly Lys Ile Leu LyE Asn Och 242
AGA GCG CCA CTC TTT TTA GCG AAA ATT CTT AAA AAT TAA CCAAAAT 1741

Met Val Phe Arg Lye Ser Leu Leu Lys Leu Ala 11
TGAA AAaTAAAM ATT T?? AGA MA TCT TTG TTA AAG TTC GCA 17i8

$.0.

Va1 Ph. Ala Lou Gly Ala Cys Val Ale Ph. See Ass Ala Asn Ala 26
GT? TTT OCT CTA OCT OCT TGT GTT GCA TTT ACC AAT CCT AAT GCA 1033

Ala Giu Gly Lye Leu Glu Sec 11 Lye See Lye Cly Gin Leu 1l1 41
CCA GMA OCT AAA CrT GAG TCT ATT AAA TCT AAA CGA CAA TTA ATA 1878

Val Gly Val Lye Ash Asp Val Pro His Tyr Ala Leu Lou Asp Gin 56
CTT OCT GTT AAA AAT GAT OTT CCC CAT TAT OCT TTA CTT CAT CMA 1923

Ala Thr Gly Clu Ile Lye Gly Phe Clu Val Asp Val Ala Lys Leu 71
"GCA ACA CCT GAA ATT AAA GOT TTC CAA CTA CAT GT? GCC AM TTG 1961

* Lou Ala Lys See Ile Leu Gly Asp Asp Lye Lys Iie Lys Lou Val 86
CTA OCT AAA AGT ATA TTG CGT CAT CAT AAA AAA ATA AAA CTA CTT 2013

Ala Val Asn Ala Lys Thr Arg Cly Pro Leu Leu Asp Pan Gly See 101
FIG. continue CCA GT? MAT CCT AX ACA AGA CGC CCT TTG CTT CAT AAT GCT ACT 2058

0 Val Asp Ala Val Ile Ala Thr Phe Thr Ile Thr Pro Clu Arg Lys 116
GTA CAT GCC GTG ATA CCA ACT TT? ACT ATT ACT CCA GAG AGA AAA 2103

Arg Ile Tyr Asn Phe See Clu Pro Tyr Tyr Gin Asp Ala Ile Cly 131
AGA ATT TAT AAT TTC TCA GAG CCT TAT TAT CAA CAT GCT ATA CCC 2148

Leu Leu Val Leu Lys Glu Lys Lys Tyr Lys See Leu Ala Asp Not 146
CTT TIC CTT TTA AAA CM AM AAA TAT AAA TCT TTA CCT CAT ATC 2:93

Lys Ciy Ala Asn Ile Gly Val Ala Gin Ala Ala Thr Thr Lys Lys 161
MA CCO CCA AAT AT? CCA GTC GCT CAA OCT CCA ACT ACA AAA AM 2238

Ala Ile Gly Glu Ala Ala Lys Lys Ile Cly Ile Asp Val Lys Phe 176
CCT ATA OCT GAA GCT OCT AAA AAA ATT CCC ATT GAT CTT AAA TTT 2203

Set Glu Phe Pro Asp Tyr Pro See Ile Lye Ala Ala Leu Asp Ala 191
ACT CAA TTT CCT CAT TAT CCA AGT ATA AM CT GCT TTA GAT CCT 2321

Lys Are Val Asp Ala Ph* See Va1 Asp Lys See 1l1 Leu Leu Gly 206

AAA AGA GT? CAT GCG TTT TCT GTA GAC AAA TCA ATA TTG TTA GGT 2473

Tyr Val Asp Asp Lys See Glu Ile Lou Pro Asp Ser Ph* Clu Pro 221
TAT GTG CAT A AAA ACT GAA AT? FTG CCA CAT ACT TrT GAA CCA 2410

Gin Ser Tyr Gly i1. Val Thr Lys Lye Asp Asp Pro Ala Ph. Ala 236

CAA ACT TAT GCT ATT GTA ACC MA AM CAT GAT CCA CCT TTT GCA 2563

Lye Tyr Val Asp Asp Phe Val Lye Glu His Lys Asn Clu 1le Asp 2S1
AAA TAT CTT GAT CAT TM? GTA AAA GAA CAT AMA AAT GAA ATT GAT 2508

Ale Leu Ale Lys Lye Trp Gly Leu Och Met Asn Glu Ser VaI 5
GCT TTA CCC AAA AAA TCG GCT TTA TAA T ATG AAT GAA ACT GTA 2551

Gly Ph. Val Glu His Leu Arq Gln Ile Lou Thr See Trp Gly Leu 20
GCC TM GCT GAA CAT TTA ACA CAA ATT C?? ACT TCT TOC GCT TTA 2596

Tyr Ape Glu Aen See Ile See Pro Ph. Ala Val Trp Lye Phe Leu 35
TAT GAT GAA AAT ACT ATA ACC CC? TT? GCC GTA TOG AAA TTT 77A 2641

Asp Ale Lau Asp Aen Lye Asp Ala Ph- I.e As. Gly Phe 1le Tyr so
CA? GCT TTIGCAT MAT AMA CAT OCT? TT AT? MAT GC? FTr AT? TAT G 2637

(primers: 5'-GCAGAAGGTAAACTTGAGTCTATT-3' (bp exami r*g.7i. hen the same pair of primers was used
1834-1857) and 5'-TTATAAACCCCATTITT CGCTAA-3' in PC'analysis a 702-bp PCR ýroduct was amplified from
(complementary to bp 2512-2535), corresponding to the start all three C. jejuni strains tested, as predicted, but from none
and end of the sequence encoding mature PEBI). Under high of the C. coli,..a.mpydob~cter lari, or Compylobacter fets
stringency conditions, this probe hybridized to a single 1.8- strains testeti(Fig. WA). Restriction digestion of the peblA
kb Hindlll-digested chromosomal fragment from all three C. PCR products amplified from each of the three C. jejuni
jejuni strains, but not to the other Compylobacter strains strains demonstrated identical patterns (Fig. 8B), exactly as



6 C. jejuni PEB I, a Binding Component Homolog

qgnHj 143 A0KXLV-VATOTAFVP-TEF-KQGOKYV-GFDVDLWAAZ -AXE 60

PESt SKGQLI-VGVXND-VPHYALLDQATGEKGFEVDV-AKLL/JtS 75* 3 : * . .. . .. " .3 3.•: 33..3. ." . 3.

LAO( 15] ALPQTVRIGTDTT-YAPFSS-KAKXGEFIGFDOIL-GNE).CKR 62
GF::D: X

qlnH -LXLOYELKPMOFSGII--PALQTXNVDLALAGITITOERPJAIOFSDGYYX 1093 3 .3 :. .. • 3 :. *33 .3 .333: 333. .33. ii

PEBI I1LCDOKXKIXLVAVNAKTRGPLLDNGSVDAVIATFTITPERKRIYNFSEP¥YQ 128
3 33I I . 3 I .I3.3,... I 3 3.. 33. 3*I " "II ' "•II sI " •II

FIG. 4. Pairwise alignment of LAO -M--QVXCTWVASDFDALIPSL.AXXIDAIISSLSZTDKRQQEIAFSOKLYA 111
PEBl with two amino acid-binding . P L.. .:D .::.::IT .R:: . FS Y.
proteins. Gap penalty - 4, deletion pen-
alty - 5, and similarity is defined by qInH -S-GLLVMVXANNNOVK-SVKDLOKWVVAV-XSGTG--SV-DYA-XA-NIX- 151
PAM 250 matrix, as described (57). In- : ::. : :: ::.. ::. ::::. . : : : : .:.
dicated are identity ( I ) and conserva- PEsi DAIGLLVL-X--EXKYK-SLADMXCANIGVAQAATKXKAIGEAA-XXIGIO- 173tive substitution for hydrophobicity and .. 4:. ' . . "' "33 ".' 3 *'.. ". 3" • ,
charge (:) and size (.). For PEB1 versu.s LAO ADSRLI A.A-K--GSPVQPTLESLKGKHVGVLQGST-QEAYANONWRTKGVOV 159
&H, there is 29.3% identity in a 233. L:. ........ ::.. :G ::V :::T : 0
amino acid overlap, and for PEBI uersus
LAO. there is 23.7% identity in a 232. qgnH TKDLRQFPN--IDNAYME-LGTNRADAVLHDTPNI---LY--FIXTACNGQF 195
amino acid overlap. . .... ,.....,, o.. .

PEBI VK-FS EFPD--Y PSIKAJL-LDAKRVOAFSVDKSXI'L--- LG-- YV--DOKSEI 214

LAO VA-YAN-QOLIYSOLTAGRLOAALQDEVAASEGFLKQPAGKEYA--FAGPSV 207
. :.: .: . L:: D. . : : :. . :.:

glnH KAVGDSLEAQQYGIAFPKGSOELROK-VNGALXTLRENGTYNEIYKKWFG 244

PEB1 -- LPDSFEPQSYGIVTKKODPAF-AKYVDDFVKE-HKNEI-DALAKKWGL 259
.. . . . .. . . . .......:::... :..:..::..o:

LAO -- KDXXYFGDGTGVGLRXDDTELKAAFOXALTEL-RQODGTYOKMAKKYFD 254
G: K:. .. ...... :........K../

expected from sequence analysis, indicating the high degree Antibody to PEBI recognized the purified peblA protei32)
of conservation of the pebIA gene among C. jejuni strains. We have specifically mutated the peblA gene from wild-type

C. jejuni strain 81-176 by allelic replacement. lfpeblA encodes
DISCUSSION a protein other than PEBI, mutating peblA should not affect

expression of PEBI. Using immunoblotting with antibody to
PEBI, a surface-exposed conserved antigen in C. jejuni and PEBI, we found the PEBI band in strain 81-176, but not in

C. coli that is commonly recognized by convalescent sera from the isogenic peblA- mutant.!
infected patients and is involved in the binding of C. jejuni to Protein sequence comparisons of PEB I indicated homology
eukaryotic cells, is possibly a vaccine candidate (11-13). In to members in the LAO superfamily, including products of
this study, we found that peblA, the gene cloned using anti. the gtnH, LAO. and hisJ genes. These function as amino acid.
body to PEBI, is a homolog of the binding component in binding proteins as part of periplasmic amino acid transport
bacterial amino acid transport systems. Since a role for amino systems in Gram-negative bacteriq. Within the superfamily,
acid transport systems in bacterial pathogenesis has not been the hisJ and LAO products share the highest homology,
reported before, we sought to determine whether the proper. reflecting their binding of basic amino acids (histidine for
ties of PEB 1 and those of the recombinant peblA product are hisJ and arginine for LAO), and share a common cellular
similar. Although we have not yet performed studies to eval. receptor, hsP (15). Similar toglnH, PEBI exhibits an overall
uate the role of the recombinant peblA protein as a cell. identity of -25% to other superfamily members. However,
binding factor, the following evidence establishes its identity other evidence strengthens the hypothesis that PEBI belongs
to the native cell-binding factor PEBI. 1) E. coli transformed to this superfamily. Mature PEBI and the other three proteins
with pPB119 (containing peblA) expressed a protein similar all are 25-26 kDa, and all contain a cleaved amino-terminal
in electrophoretic migration, deduced isoelectric point, and signal peptide, a high percentage of lysine, and conserved Lys-
amino acid composition to PEBI from C. jejuni. The amino- Lys sequences near the carboxyl terminus. The presence of a

terminal sequence determined by peptide analysis of mature signal peptide and the absence of transmembrane domains in
terminatchesuthat deducmined froy pthde nalys DN squren the mature protein are consistent with each being secretedPEBI matches that deduced from the pebiA DNA sequence. beodtectpami eb.e nte uefmlPB

A leader peptide was predictable (and observed) since PEBI beyond the cytoplasmic membrane. In the superfamily, PEBi

does not have an amino-terminal methionine and is an ex. i.% most closely related to glnH in both sequence similarity
and hydrophobicity distribution, especially between residuesported protein. The deduced molecular mass of the mature 58 and 163.

peblA product is 25.5 kDa, slightly less than that determined In several periplasmic binding protein-dependent transport
by SDS-polyacrylamide gel electrophoresis (28 kDa), which systems (14, 41, 51-53), the binding protein and the mem-
could be due to the slower migration of a basic protein that brane-associated components are each encoded in the same
has fewer net negative charges per residue. That the DNA operon containing three or four structural genes. Genomic
sequence predicts Ala for the first position of the mature organization of ORF3 A-E in pPB119 indicates that the 2.6-
protein whereas amino-terminal sequencing showed Gly may kb insert contains two partial operons separated by a noncod-
be artifactual since the chromatographic behaviors of these 2 ing region between ORFs B and C. The putative transcrip-
amino acids during peptide sequencing are similar. 2) We
have purified the recombinant peblA protein to homogeneity. Z. Pei and M. J. Blaser, unpublished data.
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ORP C MZ~k-dV --- n~yYGthhVLkltnLsvkeGE3IV1VXISsGKS~stiR 45

qlnQ(143 MI(-V--sh~tvh~~iqEvlGSSXTL 45

hisP(401 Me EnK INV Id IhXryGeh4V Lkqvs L~qanaGdV I a I SSosisG' j$f 49

consensus *I-~vd--q--vk1L-- o-IGSSKTI

OR? C Cm~qLE --- E -- vvV--v -- . nL-V VlnhXnki.±cRkycanmvF 82
: : :,I c cc a0 !:1' a

hisP CZH(LEkpsEqsvZvn~qtin1VrdkDcqlkvadXnqlJRLlRtr1~,4VF 98

consensus Ci-~p~svs-1-rkq- - n-lR-- V

OR? C Oh~nLyPHmTvLqNltlaPmklqkksKkEAEetAfkyLkvVGLldkA-n 131

FI.. 5. Homology between ORF Cq n 11
and glnQ and MRP. On the consensus hisP ýh..HiU'''eliýIIsq~~~k~K~dRq 147
line, upper-ca~se letters represent residues
conserved in all three molecules at that consensus QhFnL-pHmcTvLeNvmc-aP--v-g -sK-EAse-A-kyLakVG 1 -erAq-
posit~ion, and lower-cose letters represent
residues conserved in two of the three OA? C vYPatLSCGQQQRVAIARsLctKkpyiLFDEPTSALDP~tiqEVLdVMk. 180molecules. tco ac:c:ca aiaccc, ccc

gino hP~eLGQQQRVIARAV~k1!ILDEPS'A'LPELrhEVLkV1". 8

hisP kYPvhLSGQQQRVsIARALAmsPev1LFDEPTSALOPELvgE1LriM..Q 196
consensus -YP--LCGGQQQRVaIARaLa-kp-- ~LOEPT.SALDPEI..EvL..v~kq
OR? C ishqsntTMVvVTH~mCFAkeVAdRiIFmedcaIvEeniPsergsNPkte 230

qinH dLAEE~nThViVTHEiGFAekVAsRllridkccrIaEdCnPqvLjkNppSq 230

his? qLAEEGkTMVvVTHEnmGFArhVsthvIrlhqokxeEeGaPeqLf qNPqsP 246

consensus -1eqT~VH~GA-ar1 - -- e--1-Ps

OR? C RarlFLgkilkn 242

ginO RLQeFLqhvs 240

his? RL4QrFLkgslk 257

consensus Rlq-FL ---l1kn

OR? A NZXPXS1XEXXEIV.NIDQD 21 HEKX-ITPS 8

HAPZB (47] JpRXEE XxEIKXEXKERXZELXKEVgXETPLKDAXKEVKKEEKXXEVKj( 722

OR? 3 tLEL4EFIXIX--NEiSGIDLTOKXNILALKLNXFLEGTNTKNFSEFLGX 56

KAP1B EXEKKEIKXISKDIKKSTPQSOTKXPSALYPKCVAX)(ESTKXEPLAACK 772

OR? 8 LXSNRQLX ---- QErLDFVTICETrYLRELAQLxEI~YYAKSLEKRV14 100

?(AP1 LXDXGXVXXXEGKrTTAAATAVGT--MATrAAVVMAG IAAS--GPVK 818
FIG. 6. Homology between ORFs

A and B and mouse brain microtu-
bule-associated protein (MAPlE)OR 14
(4 7). Parameters used were gap penalty KAPIS ELEAERSLMSSPE ---- DLTXDFEELXAEEUDVAKOIKPQLELIEDEEKL 864
- 1, gap size penalty -0.05, and joining
penalty -20. OA 3 GYQ-GRToORLSESEKRFFLESEDXFYTINKNtE-LCTCXFE-LCNVrE 191

14WAP1 XETLQPGEAYVIQKETEVSXGSAESPDEGITTECEGECEQTPEELEPV-- 912

OR? B EKFSRLCKFDXI ASRNMIIYF ------ ODHXSXKLgJ4RFRI L24OKrRL 234 '
)tAPIS EX --- QCVOOI EXFEEGAC FEESS ETGDY EEK-AETEEAEEPEEDG EON 958

OR? IS YVGNA0LIPETIYFKXISLQEVTi4XXYXF 264

MWAP aSCMSASKHSPT-EDDESAKAEA0VI4LKEKR 987
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a b c d e f g tional terminator in this region indlicates a potential 3' -Cnd
k b of the operon containing ORFs A and B. The putative pro.

4.0- moter just downstream indicates the 5' -end of the operon
3 0- containing ORFs C. D (pebIA), and E. Supp~ort for this

hypothesis includes the following. 1) The putative promoter

2.0-4 is the only promoter found upstream from ORFs C-E, which
* could be responsible for lacZ- independent transcription of

C, *.. ,~...ORF D in pPB219; 2) there is no transcriptional terminator
identified between ORE's C and D and between ORFs D and

1.0- E; and 3) in E. coli and S. typhimuriumn, the genes homologous
to ORE's C and D are randomly aligned and cotranscribed
(14-16). A putative function of ORE' E is unknown at present.

0.5- Although the homology between PEBI and amino acid-
binding proteins issignificant, PEB1 is unique since all iden-

Fic. 7. Southern hybridization showing conservation of tified amino acid-binding proteins in bacterial transport sys-
peblA gene in C. jejuni chromosomal DNA digested with teMs are located in the periplasrnic space, whereas PEB1 is
Hindu 1.A 702-bp PCH product corresponding to the DNA sequence exodontebcrilsfae(2.Mm rsfthLAof rmature PEBI was used as probe. Lane a-c, C. jejuni strains 81-epsdo h atra ufae(2.Mmeso h A
1'76.685-H, and SI-95, respectively; lanes d and e, C. cali strains D126 superfamily all contain a leader peptidle processed by signal
and D730, respectively; lanes / and g, C. fetu~s strains 23D and 84-91, peptidlase I, which enables these molecules to cross the cyto-
respect.ively. Molecular size markers (in kilobases) are shown to the plasmic membrane. PEBI also has such a processing site; as
lef~t. demonstrated by both the characteristics of the deduced PEB 1

sequence and the evidence for cleavage at this site in C. jejuni
(11). In addition, PEBI contains a putative signal peptidase
11 cleavage site. Signal peptidase II processes lipoprotein
precursors acylated on the free sulfrhydryl group of cysteine

A 0bC def hiby cleavage of the peptide bond at the amino-terminal side of
cysteine. The acyl chains of the lipoprotein often anchor the

2!22- polypeptide to membranes (54). Nearly all secreted proteins
1636-ý27_in bacteria have only one signal peptidlase cleavage site proc-

essed by either signal peptidlase I or 11. However, the endog-
lucanase precursor of Pseudomonas solonccearun has a signal

-702 sequence of 45 residues with two processing sites (55).'The
ýo - endoglucanase is modiffied by fatty acylation at Cys", cleaved

3')6 - by signal peptidlase 11, and exported across the inner mem-
brane. The lipoprotein intermediate is then cleaved at the
signal peptidlase I-like site (Ala'1-Ala") during export across

B the outer membrane. Since PEBI also contains two signal
Ur~~e~c2 550~ 1 Hot-a___ peptidlase -processing sites, the location of PEBi on the bac-

a b c a a b c a a b C C terial surface suggests that C. ,iejuni could utilize similar
'36 mechanisms to export this protein across both the cytoplasmic

and outer membranes. If this hypothesis is true, we would
expect that mature PEBI is not a lipoprotein since the final

cleavag-e at Ala"' eliminates any amino acid residues located
-702 between residues 1 and 26, including the putatively acylated
-702 Cys". This hypothesis was supported by the evidence that

mature PEBI begins at Ala"' and that amino-terminal se-

~44-370 We speculate that the major cell-binding factor PEBI may
298- have a common evolutionary origin with periplasmic amino
220- acid-binding proteins, from which PEB1 gains the binding

-203 capacity. Since the genorme of C. jejurzi is only half the size of!54 =) 15 9 .173  that of E. coli or Salmonella (56), C. jejuni may use particular

FiG. S. A. PCR amplification of 702-bp peblA fragment from proteins for multiple purposes. Two-step cleavage of the PEBI
Ca'np)tobacter strains. Lane a-c, C. jejuni strains 81-176. D1916, and leader peptide may distinguish it from these amino acid-
85AC, respectively; lanes d and e, C. coi strains D126 and D103s. binding proteins and make it accessible to the bacterial sur-
respectively; lanes f and g, C. lari strains D110 and D67, respectively; face to perform cell binding functions as well.
latic h, C. fetuis strai n 23 D; Lane i, E. coi with p PB 119. A 702-bp PCR- -* The codon usage for PEBI shows strong third-position AT
amplified product was found in all C. jejuni strains (arrow), but not preference; consequently, Arg, Asn, Cys, Gln, His, and Tyrin the other Carnpylobacter species. B, restriction pattern of 702-blp
PCR products from C. jejuni strains. The 702-bp PCR products were are single-codon amino acids, which has been previously ob-
undigested or were digested with Sspl or Hoelit. Strain 81-176 is served for C. jejuni serine h ydro xymethyl tra nsfe rase (glyA)
shown in tanes a and d (undigested) and c (Sip[-digest~ed), strain (48)- Knowledge of this phenomenon will be helpful in design-
D1916 in lanes b (undigested) and a and d (Sspl-digested), and strain ing oligonucleotide probes to clone other C. jejuni proteins for
85AC in lanes c (undigested), b (SspI-digested), and a (HaeIII-di- which antibody probes are not available.
gested). Sspl cleaved the 702-bp POR products from each stain into
370-, 173-, and 159-bp fragments, and Haelll cleaved the:PCR prod- ORF C begins with T*TG, which although not common, has
ucts from each strain into 499- and 203-bp fragments, indicating that been previously identified (30, 31, 41, 49, 50). The ORF C and
the peb A gene is highly conscr-.ced in C. jejuni. gln-Q and hisP gene products are highly homologous, and their
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ORFs also begin with uncommon initiation codons (14, 15). -1198. ndDvs .W.(93'rc~NdAe.Sc.USA 0
Experimental replacement of TTG with ATG led to a 2.5- 18. Blaser. M. J3., and Goueehlich. E. C. (1990) J. SioL Chew.. 265. 14.%29-
3.7-fold increase in protein translation (49, 50). The low 19 Gotachlich. E. C.. Blake. MI. S., Ko-omay..J. M,. Seiff. M....d Dermia.. A.
translation efficiency when TTG is the initiating codon 3Uff 20. " J., CAP. h~iedh S. 0.(99)Cn (UL 6 32
gcsts a possible conser': ý mechanism for control of expres- 21. Ish-Hoeowict. D.. and Burke,.3 J. V(1981) Nucleic Acids Res. 9, 29&5-M98

sionof his amiy ofrimlogos poteis. *2.Samnbeo-ok. J1.. F~ritsch, F. F. and Monistia T (1969) Molecular Clumi~rAv~iusi or this faily of r...inoloousCproteins.int Harbor ULaboatory. Cold Sprint a~rAlthough both C. jejucni and C. coli strains contain PEBI NY
homologs ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 3 HI; .agpiescrepnigt h mn n :~enikoff. S. (1984) Cene (A'vut 1 28, 351-369homoogs(1 ;, zng rimrs crreponing o te a ino nd 4. abor. S.. and Richardson. C. C. (1987) Proc. Natll Acad. Sci. U. S. A. 84.carboxy! termini of mature PEBI. we PCR-amplified the 47,67-4771
exp.ted ragent romC. jjun strinsbutnot romC. 25i Kyte. J.,. and Doolitele. It F. (19821,1 AltaZ 8'L 125. 103-132 10

expt-te frgmen frm C jejni trans, ut ot rom . ch 2. srnitt, J.. Osguthorve. 1) J.,. and Rlobson, B. (1978) J. MoL &id. 10~.trains. Amino-terminal differences in the C. jejuni and C. 27 97-120)
2.Pearson, W.. R.. end Lipman. D. J. (1988) Prue Sall. Acad. ScL U S. A.coli PEBI homolags (11) correlate with the failure of both 85. 2444-2448

amplification and hybridization of the peblA gene with C. coli 23. Shine. J.. and Dalgarno. L. (197 ,4) Proc. NatL Acod. Sci. U.S. A. 71. 1342-
1346strains. In contrast to C. coli strains, the primary sequence Of 29. Rosenberg. St.. anid Couri.. D. (1979) Annu. Rev. Cerwe.. 13, 319-53

30. AdschiT.. Yaarnsajata, H.. Tsukagoshi. N.. and ljdaka. S. (1990) J. Bcccvtwl.upeblA must be highly conserved among C. jejuni strains, as 172. 511-513
shown by the conserved PCR product restriction profiles. 31. de Vos. W. St., Boeirrgor, I. van Rooyen, R. J.. Reiche. B.. and Htnssttr.nga~ indcatig i~s iportnce o te oranis. ~bete. W. (1990) J. BioL Chemn 265, 22554-2256agai inicatng t4 iporanc to he rgansm.32.Hawley, D. K.. and McClure, W. P, (198.3) Nucleic Acids Res. 11. 21237-

2254Ackowldgmnt-e tankChalee Okle fo tyingthi m 3- . Perlman D. and Halvorsox. H. 0. (1983) J. Mot. Biao 167, 391-409Acknwlegmet - e tankChaleneOakey or ypig tis an- 34. Heiine. (6. V. (1986) J. NoL Bio!. 184 99-105Uscript. 35. Wu. A. C.. *no Tokunala, SI. (1986) &urr. TOP. Ui1Cr`040.L IMMreurt. 121,.
127-157
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